Here we report the synthesis, structure and reaction chemistry of an anionic aluminium(i) nucleophile, the dimethylxanthenestabilized potassium aluminyl [K{Al(NON)}] 2 (NON = 4,5-bis(2,6-diisopropylanilido)-2,7-di-tert-butyl-9,9-dimethylxanthene). This species displays unprecedented reactivity in the formation of aluminium-element covalent bonds and in the C-H oxidative addition of benzene, suggesting that it could find further use in both metal-carbon and metal-metal bond-forming reactions.
, we set out to synthesize potassium and magnesium aluminyl compounds of the types [K{Al(NR 2 ) 2 Given the well-known preference of aluminium for the +3 oxidation state 1 , and the difficulty in locating hydrogen atoms by X-ray crystallography, it was important to rule out the presence of any metal-bound hydrogen atoms within the dimeric molecular unit of [K{Al(NON)}] 2 . In particular, given the presence of potassium counter-ions, we wished to rule out the formation of the dihydroaluminate [K{H 2 Al(NON)}] 2 . Accordingly, [K{H 2 Al(NON)}] 2 was synthesized independently by the reaction of (NON)AlI with excess K[AlH 4 ], and characterized by spectroscopic, analytical and crystallographic techniques (Extended Data Fig. 3 ). These measurements revealed considerable differences from the corresponding data of [K{Al(NON)}] 2 . These included shifted 1 H NMR resonances for the diamido-dimethylxanthene ligand backbone, and an additional broad signal at δ H = 3.88 p.p.m. associated with the aluminiumbound hydrogen atoms in [K{H 2 Al(NON)}] 2 ; an additional Al-H stretching band in the infrared spectrum at 1,688 cm −1 (Extended Data  Fig. 4) 20 , whereas the K… Al contacts (3.844(1) and 4.070(1) Å) are comparable to (or slightly longer than) those reported, for example, for the tetragallium cluster . Presumably, a major contributory factor here is the fact that the LUMO + 3 (rather than the LUMO) features the primary contribution from the aluminium p z orbital, and that this orbital is effectively Al-O σ* antibonding in character (consistent with the observed Al-O distance).
The energy of the HOMO calculated for the (hypothetical) monomeric [Al(NON)]
− anion in the gas phase is very high at −101 kJ mol
(−1.05 eV), but this value decreases to −395 kJ mol −1 (−4.10 eV) for . Taken together with the slightly higher contribution of the aluminium 3p orbital to the lone pair (24% compared with 10% for Al(Nacnac) Dipp ), these data suggest that [K{Al(NON)}] 2 should have greater potential to act as an aluminium-centred nucleophile. This assertion can be verified experimentally by the use of [K{Al(NON)}] 2 in a range of unprecedented aluminium-element bond-forming reactions with electrophilic partners (Fig. 3 ). Its reaction with methyl triflate or methyl iodide to give (NON)AlMe (Fig. 4) demonstrates a new approach for the formation of aluminium alkyls that complements conventional methods using hydroalumination chemistry or aluminium electrophiles (Figs. 3 and 4) . The latter features an unsupported Mg-Al bond, with the associated bond length (2.696(1) Å) comparable to the sum of the respective covalent radii (2.62 Å) 22, 23 . The metal-metal distance is also in line with that reported for the single Mg-Mg covalent bond in the 24 , with due allowance for the differing radii of aluminium and magnesium (Δr cov = 0.2 Å) 22 . As such, whereas [K{Al(NON)}] 2 represents an aluminyl analogue of organo-group 1 nucleophiles of the type RLi and RK Fig. 7 ). To our knowledge this represents a first demonstration of the intermolecular oxidative addition of a C-H bond in benzene at a single well-defined main-group metal centre. Although main-group compounds that activate benzene by formal deprotonation are known 25, 26 , oxidative cleavage is precedented only for more reactive C-H bonds 14 . In summary, we have synthesized and structurally characterized the first example, to our knowledge, of an anionic Al(i) (aluminyl) systema compound that offers potential as a nucleophilic reagent in the formation of unsupported aluminium-element bonds and in the activation of typically inert small-molecule substrates.
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MEthodS
General considerations. All manipulations were carried out using standard Schlenk-line or dry-box techniques under an atmosphere of argon or dinitrogen. Solvents were degassed by sparging with argon and dried by passing through a column of the appropriate drying agent. NMR spectra were measured in benzene-d 6 (which was dried over potassium) or THF-d 8 28 and KAlH 4, 29 were prepared according to literature methods. AlI 3 and GaI 3 were prepared in situ by sonicating a mixture of the appropriate metal with 1.5 equivalents of I 2 in dry toluene under an atmosphere of argon until the solution became colourless. All other reagents were used as received. Syntheses of novel compounds. (NON)AlI. To a solution of K 2 (NON) (2.00 g, 2.67 mmol) in toluene (30 ml) was added a solution of AlI 3 (1.09 g, 2.67 mmol) in toluene (30 ml) at -78 °C for 15 min. The reaction mixture was slowly warmed to room temperature and stirred for a further 16 h. The reaction mixture was filtered and volatiles from the filtrate were removed in vacuo to give an off-white solid. This solid was washed with hexane (2 × 20 ml) to give (NON)AlI as a white powder (1.55 g, 70% yield). X-ray quality crystals of (NON)AlI were obtained by recrystallizing this solid from warm toluene. Method A: to a suspension of KC 8 (0.049 g, 0.364 mmol) in toluene (25 ml) was added a solution of (NON)AlI (0.300 g, 0.364 mmol) in toluene (25 ml) at room temperature. The reaction mixture was stirred for a further 16 h at room temperature whereupon volatiles were removed in vacuo. The residue was extracted with pentane (15 ml), the extract filtered and volatiles removed in vacuo to give [Al(NON)] 2 as an off-white solid (0.120 g, 47%). X-ray quality crystals of [Al(NON)] 2 were obtained by crystallizing this solid from hexane. Method B: to a solution of [K{Al(NON)}] 2 (0.200 g, 0.136 mmol) in toluene (10 ml) was added a solution of (NON)AlI (0.246 g, 0.298 mmol) in toluene (10 ml) at room temperature. The reaction mixture was stirred for a further 16 h at room temperature whereupon volatiles were removed in vacuo. The residue was extracted with pentane (15 ml), the extract filtered and volatiles removed in vacuo to give [Al(NON)] 2 as an off-white solid (0.325 g, 86%).
J HH = 6.6 Hz, 2 H, CH(CH 3 ) 2 ), 6.17 (s, 2 H, XA-o-CH), 6.57 (s, 2 H, XA-o-CH), 6.63 (s, 2 H, XA-p-CH), 6.68 (s, 2 H, XA-p-CH), 6.92-7.32 (m, 12 H ArH); 136 mmol) in toluene (10 ml) was added a solution of (NON)H 2 (0.092 g, 0.136 mmol) dropwise at −78 °C. The solution was slowly warmed to room temperature and stirred for a further 2 h, whereupon volatiles were removed in vacuo. The residue was extracted with ice-cold hexane (15 ml), the extract filtered and volatiles removed from the filtrate in vacuo to give (NON)AlH as a colourless solid (0.167 g, 88%). X-ray quality crystals of (NON)AlH were obtained by crystallizing this solid from warm toluene. 136 mmol) in toluene (10 ml) was added a solution of MeI (0.046 g, 0.326 mmol) in toluene (10 ml) at room temperature. The reaction instantly changed colour from bright yellow to colourless upon addition. The mixture was stirred for a further 2 h at room temperature whereupon volatiles were removed in vacuo. The residue was extracted with toluene (15 ml), the extract filtered and volatiles removed from the filtrate in vacuo to give (NON)AlMe as an off-white solid (0.184 g, 95%). X-ray quality crystals of (NON)AlMe were obtained by recrystallizing this solid from warm toluene. 299 mmol) in benzene (15 ml) at room temperature over 5 min. The reaction mixture was stirred for 16 h at room temperature, producing a colour change from yellow to colourless. Volatiles were removed in vacuo, the residue was extracted with toluene (20 ml), the extract filtered, concentrated in vacuo (to around 5 ml) and slowly cooled to 5 °C overnight to give (Nacnac) ] (0.127 g, 1.82 mmol) in benzene (10 ml) was added a solution of (NON)AlI (0.300 g, 0.364 mmol) in benzene at room temperature. The reaction mixture was heated to reflux and stirred for a further 48 h. After allowing the reaction mixture to cool to room temperature, it was filtered and volatiles were removed from the filtrate in vacuo to give [K{H 2 Al (NON)}] 2 as a colourless solid (0.258 g, 96%) . Method B: a solution of [K{Al(NON)}] 2 (0.200 g, 0.136 mmol) in toluene (10 ml) was prepared in a 50 ml J. Young sample flask. The solution was frozen, the atmosphere evacuated (5.0 × 10 −3 mbar) and refilled with H 2 (2.0 bar). The flask was slowly warmed to room temperature where it was left to stand for 5 days, producing a colour change from yellow to colourless. Volatiles were removed in vacuo to give [K{H 2 Al(NON)}] 2 as a colourless solid (0.198 g, 99%). X-ray quality crystals were obtained by recrystallizing this solid from warm benzene. 
